It is shown that the first technique indicates the shear properties of the G/E laminates investigated are fundamentally brittle in nature while the latter two methods tend to indicate that the G/E laminates are fundamentally ductile in nature. Finally, predictions of incrementally determined tensile stress -strain curves utilizing the various different shear behavior methods as input information are
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ABSTRACT
As such, only four material properties are required, i.e., the stressstrain response in the fiber direction for a load in the same direction, the stress-strain response normal to the fiber direction for a load in the same direction, the strain response normal to the fibers for a load in the direction of the fibers or vice versa, and the inplane shear response of the lamina. 
ANALYSIS
In the following, the usual assumptions associated with laminated plate theory will be made.
[ ' ] Further, as depicted in Figure 1 , the x-y axes will be referred to as the global coordinates in which specimen geometry and loads are specified and the 1-2 axes will be referred to as the local or material coordinates in which local material properties are specified.
Off-Axis Tests
The shear modulus of a ply or lamina needed in laminated plate theory can be determined using the results of three tension tests. (1) in which e is the fiber direction and Ex is the modulus in the load direction.
While the above procedure is quite adequate for modulus, it does not provide a means for the determination of the total stressstrain response as equation (1) is only valid for stiffnesses.
Actually, another simple procedure using measurements from an off-axis tensile specimen will yield the entire shear stress-strain curve for a lamina. All that is required is to measure the strains in three directions on such a specimen, e.g., in the longitudinal, transverse and 45° directions which is easily accomplished with an electrical strain gage rosette. By transforming both zhe measured strains and the applied stress (Ex, Ey, E 45 o and a x ), the strains and stresses in the local coordinates can be found (c l , E 21 Y 12 , o l , a 2 and T 12 Figure 2 . Since the specimen used was symmetric with respect to the applied load, P, the shearing stress, T 12 , was expressed as P (6) '12 LA and the shearing strain as
where A was the cross-sectional area parallel to the load and the strain was measured at an angle of 45° to the applied lead. or it can be expressed in terms of the experimental quantities of
Sims by substituting equations (6) and (7) into (11) . The resulting e-auation can be written as
EXPERIMENTAL PROCEDURES
The T300-934 graphite/epoxy 16 ply flat laminates tested were supplied by Lockheed Sunneyvale. All specimens were machined from these panels using a diamond impregnated saw. Three replicates of each geometry were manufactured and each contained fiberglass end tabs such that the ratio of the distance between tabs to width was 12 for tensile specimens and 10 for rail shear specimens. These ratios were selected in accordance with the analysis of Pagano and
Halpin [12] for tensile specimens and Whitney, et a1 [6] for rail sear specimens. Errors due to the influence of the clamped end constrains were estimated to be of the order of a fraction of a percent and were thus neglected.
Specimens were stored in a desiccator after machining. Specimens were allowed to soak at roan environmental conditions of approximately 70°F (25°C) and a 60% R.H. for one hour prior to testing. All tests were performed with an Instron testing machine at a head rate of 0.05 in/min (1.27 mm/min). The laminates tested for this shear stressstrain response investigation are listed in Table 1 The amount of data scatter was relatively low for modulus but more pronounced for strengths. In both cases the amount of scatter was not systematic and probably depended only on the chance or random selection of specimens.
Other laminates were tested to determine their stress-strain response in different directions. However, only the resulting initial moduli, Poisson's ratios, fracture stresses and fracture strains are recorded in Figure 6 .
Other tensile tests were performed on [±45°] 4s laminates to determine the intralamina or lamina shear stress-strain response of the T300/934 G/E material investigated. The results of these tests were also computer conditioned and plotted using the analysis of both Petit and Rosen each of which was previously described. The shear stress-strain curves so generated are shown in Figure 6 .
The rail shear test described previously was used on both The results from both the 10° off-axis tests and the incremental procedure using the 15° tests are shown in Figure 6 together with the results from the rail shear and [±45°1 4s laminate tests. Considerable differences between the various shear results are apparent.
The two off-axis shear curves agree with each other quite well but defer drastically from the other methods. The fracture stress for the off-axis test depends heavily on the fiber angle as indicated by A comparison of the initial shear modulus obtained using the various techniques is given in Table 1 .
As may be observed the 15 0 off-axis shear behavior gave reasonable Table 2 . Further a symmetric rail shear test was performed on the same laminate to determine its initial shear modulus using a three gage strain rosette. The shear stress, T xy , was calculated as noted in the analysis section and the shear strain, Y xy , was calculated using standard procedures. As • Predictions of laminate response were reasonable using off- 
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